ommendations.
Endocrine modifiers. The committee stressed the need for increased research on environmental endocrine modifiers in children, especially the effects of early exposure and intrauterine exposure in particular. Outcomes of interest include sexual maturation, altered thyroid function, and gender-specific behaviors.
Neurodevelopmental outcomes. Research should be conducted on the effects of exposures to environmental agents in infants and children and their neurodevelopmental outcomes. Of particular interest are outcomes for which there is already some limited evidence of environmental contributors: attention deficit hyperactivity disorder (ADHD), mood disorders (depression and bipolar disorder), hyperagression and criminal behaviors, and infantile autism.
The agents of greatest interest for this research should include metals, including lead, mercury, cadmium, and manganese; halogenated hydrocarbons, particularly dioxins, organochlorine pesticides, and PCBs; organic solvents, such as trichloroethelyene (TCE) and benzene; air pollutants, particularly their interactions with infectious agents, such as respiratory syncytial virus (RSV), and certain fungal agents; and other environmental factors, such as electromagnetic fields (EMF), radon gas, ultraviolet light (UV), and sound (especially repeated exposure to high frequencies).
Lung development. Studies need to be done regarding potential for permanent impairment of lung function and structure due to exposure to environmental hazardous pollutants during infancy and early childhood. Because the lung, like the nervous system, has certain critical periods of development and maturation, specific timing of lung injury could lead to permanent morphologic alterations. Such alterations may set the stage for lifelong impairment and future susceptibility to adult lung diseases such as asthma, emphysema, bronchitis, and bronchiectasis.
Health and social costs. The committee strongly recommended studies to determine the total costs to American society of diseases related to environmental exposures in children. This analysis should assess all costs to include, but not be limited to lost productivity over the lifetime of the child, household costs such as lost parental wages, costs of household disruption and divorce, and costs of special education and the many other corollary costs of the often permanent injuries that children suffer. ( The committee noted that in severely neurologically damaged children, families often have a divorce rate greater than 90%, which has devastating human and economic consequences.) As a step toward understanding the economic consequences of environmental inequality, the committee also urged that research be conducted on the interactions between environmental injuries and malnutritiorn, poverty, and social disadvantage. Some important target effects would include the nervous system, lung injury, and environmental carcinogenesis.
Respiratory System
Lung diseases, when combined, are the third leading cause of death in the United States and are a leading cause of illness and disability (5) . Morbidity and mortality from asthma are well-documented (5) , and associated health care costs exceed $6 billion. Since the major contribution to lung diseases is cigarette smoking, these diseases are inherently controllable, providing a huge opportunity for prevention (6) (7) (8) The committee on the immune system addressed three categories of immune-related dysfunction: 1) immune suppression associated with decreased resistance to external pathogens and cancer, 2) autoimmunity, and 3) inappropriate responses (hypersensitivity) that may result in allergy and/or autoimmunity (1, 6, 7, 9, 10, 13) .
Immunosuppression. Research on immunosuppression should consist of studies to determine whether low-level (background or near-background) exposures are sufficient to affect the immune system in humans. Such studies will require welldesigned, prospective immuno-epidemiological studies that include sensitive, validated immunodiagnostic techniques and standardized case definitions.
The committee addressed developmental and susceptibility issues by emphasizing that special consideration should be given to potentially sensitive populations such as the elderly, the very young, and possibly underserved minorities, as well as the contribution ofgenetic predisposition, malnutrition, and stress.
In studies of dose-response relationships on immunosuppression, the committee suggested that, in order to determine the biological relevance of small changes in immune function, additional data will be needed on the quantitative relationships of exposure-dose with immune function relationships and clinical disease outcomes, as well as on the dose effects with intervention (e.g., vaccine effectiveness). From Meeting ReDort -Baldwin studies, both prospective and retrospective, which take advantage of unfortunate "natural experiments" (e.g., involving "problem" buildings) and which include measures of specific and general immune response. 2) Hypersensitivity research, which lends itself to multidisciplinary, controlled exposure studies with humans, can provide strong experimental evidence for an immune effect. Both acdimatization and increased sensitivity should be taken into account in these double-blinded, placebo-controlled challenge studies. 3) Attention should be given in all human studies to the responses of groups of individuals who appear more sensitive to one or more substances, since they may serve as sentinels for the general population. 4) Relevant, objective biological markers, including immunological, neurological, biochemical, and other measures which may correlate with symptoms should be sought. 5) Relevant animal models for research and possible use as sentinels also need to be developed.
Nervous System
It is widely recognized that neurotoxicant effects can be measured at multiple levels of nervous system organization. Cognitive, motor, and sensory impairments are among the most debilitating of conditions and can lead to reductions in job productivity, increased accident risk, and contribute to poor quality of life (1, 3) . Environmental exposures to substances such as n-hexane and toluene have also been implicated in neurodegenerative disorders such as Parkinson's disease, Alzheimer's disease, and amyotrophic lateral sclerosis (ALS) (11) . Such impairments increase societal costs, as they are major factors in nursing home placement, disability, and loss of independence. In addition, psychiatric problems affect up to 40% of the American population over a lifetime. Psychiatric epidemiological research has generally not considered the possible role of neurotoxicants. (Findings in occupational samples are often confounded by litigation issues.) Understanding the relationship between environmental toxicants and the biochemical and physiological neuropsychiatric diseases requires concerted epidemiological analysis. The committee on the nervous system prefaced their research recommendations with six general themes: 1) importance of studying long-term, delayed, or latent, rather than acute effects of both high and low doses of neurotoxicants; 2) need for evaluating subtle nervous system effects, especially those from low-dose exposures; 3) importance of assessing individual differences and cross-species differences in susceptibility; 4) importance of understanding the modulation of neurotoxicant effects by other factors, such as age, gender, nutritional status, and disease states; 5) the interdisciplinary and costeffective approach for studying the effects of neurotoxicants by using existing human population-based studies of neurotoxicant exposures, and incorporating studies of health effects, including measures of cognition, behavior, and affect; and 6) significance of using cross-species technologies and resolution of mechanisms of neurointoxication, facilitated by multidisciplinary approaches. These themes led to the following recommendations.
Neurodegenerative disorders. Research should be conducted to characterize the role of environmental neurotoxicants in the initiation, progression, and/or exacerbation of neurodegenerative disorders. The disorders should include, but not be limited to, Parkinson's disease, Alzheimer's disease, and ALS.
Quality of life. Research should apply repeated-measures methodologies in novel ways to detect and evaluate the long-term cognitive, motor, and sensory effects of neurotoxicants across species. It is of paramount importance to study the impact of toxic exposures on impairment of functions of daily living (such as driving, shopping, using the telephone, performing one's job responsibilities) and overall quality of life. There are problems with using only standard neuropsychological tests, which are designed to detect deficits on a one-time Meeting Report -Environmental Health Summit basis, and which also have limitations for detecting deficits in persons with aboveaverage intelligence (such as might be found in sick building syndrome populations). The committee suggested the use of sensitive tests amenable to repetition over time within a single session, or over multiple sessions close in time that can measure and track subtle and progressive neuropsychological and neurophysiological changes with time; and application of repeatedmeasures approaches applied to studying the long-term effects of acute, high-dose exposures (e.g., accidental chemical spills) and chronic, low-dose exposures (e.g., indoor air pollution).
Psychiatric and behavioral disorders. Research should be done to determine the role of environmental neurotoxicants in the initiation, progression, and/or exacerbation of psychiatric and behavioral disorders, including major depression, chronic low-grade depression, panic disorder, other anxiety disorders, and impulse control disorders involving irritability and violence. The committee stressed the need for neuropsychiatric research to be included in epidemiological studies of the incidence, prevalence, and course of such disorders in existing population-based samples in whom levels of neurotoxicant exposures have already been characterized. There is a need for epidemiological research evaluating the association between neurotoxicant exposures and neuropsychiatric disorders in samples with not only high-level, but also chronic low-level neurotoxicant exposures and populationbased samples without motivational confounders. In the event that epidemiological associations between specific neurotoxicants and a subset of neurological and psychiatric disorders are found, and drawing upon prior research in animal models, neurochemical and other neurobiological mechanisms can be used to develop more specific pharmacologic treatments for these illnesses than is currently possible.
Reproductive System
The Committee on the Reproductive System considered health trends in human reproduction, which included the following reports (13) (14) (15) : in men, a 40% decrease in semen count over the last 20-50 years, an increase in testicular cancer, a two-to threefold increase in undescended testes, and increases in cancers of the prostate and breast.; in women, an increase in breast cancer; "benign" uterine diseases such as endometriosis and uterine fibroids are estimated to affect close to 20% of women between puberty and menopause; premature ovarian failure is also of concern. Questions remain as to how these diseases and dysfunctions are initiated. The best known example of "endocrine-disrupting" chemicals are those associated with, or mimicking, female sex hormone activity, the "environmental estrogens." Since a number of common environmental chemicals have been shown to behave as weak-acting estrogens (or, in some cases, antiestrogens), these environmental factors have been proposed as possible contributors to these reproductive dysfunctions.
Adverse and beneficial effects ofenvironmental chemicals. The committee's first research recommendation is pragmatic, with an emphasis on disease prevention and treatment. Research should be conducted on the application of fundamental biology and chemistry to reproductive sciences and clinical needs. Studies of the reproductive system lag behind other sciences in using the most modern of biotechnologies. Further, the research on human reproduction should specifically address the adverse as well as the beneficial effects of chemicals in the environment (including dietary factors) which interact with hormones that have reproductive significance. These effects could include chemicals that mimic hormones, block hormone action, change the metabolism of natural hormones, and/or change a hormonally important process (such as increase or decrease a hormone receptor). The difficulties of assessing the balance of these estrogenic and antiestrogenic effects of agents and complex mixtures will require novel research approaches. The study of the impact of environmental estrogens on human reproductive health would benefit from various basic, clinical, and epidemiological approaches, and an understanding of the effects of environmental factors working like female sex hormones is central to the issue of the environment and women's health. In addition, the committee suggested that the role of hormonally active xenobiotics in the development of the reproductive system should be emphasized.
Development of exposure/effect biomarkers. Finally, the committee encouraged the development and use of appropriate biomarkers of exposure and effect for environmental agents acting on the reproductive system. This is a critically needed area which could build on the knowledge gained in the previous research recommendations and be applied to human reproductive wellness in two important ways: the fundamental new knowledge of the biology and chemistry of reproductive organs and processes should be used in a predictive sense, and such an approach should lead to biomarkers that reflect early alterations in reproductive processes and tissues, thus allowing for the successful development of intervention or prevention strategies for the enhancement of reproductive health.
Conclusion
All research should be interdisciplinary with careful and rigorous study design and exposure assessment, including estimations of target-tissue dose, toxicokinetics, and specific health effects. Interactions of environmental toxic agents and genetics should be an important research priority. At-risk groups, such as children and the elderly, as well as other factors such as gender, nutritional status, and socioeconomic status need to become a focus in environmental health research. All research proposals should undergo rigorous peer review.
